We present spectra taken between = 0:9 ? 1:3 m for a sample of evolved stars ranging from Mira variable stars to planetary nebulae. An evolution can be seen from the absorption spectra of the late-type stars to the emission line spectra of the planetary nebulae. We compare emission line strengths for objects ranging from T ef f = 30; 000 K to 200,000 K, and we use infrared and visible line ratios to determine densities and temperatures in the emission line regions. We examine the four factors that are most important to determining relative ion strengths { stellar temperature, evolutionary status, excitation mechanism, and clumpiness. It is found that clumps appear to be common, and that shocks are very important to the excitation and shaping of planetary nebulae. We also nd that the strength of the low ionization and molecular emission lines decreases with age, and we use a lling factor analysis to show that this evolution is caused by a decrease in the amount of low ionization material close to the star. 
INTRODUCTION
Recent imaging studies are providing important insights into the formation and evolution of planetary nebulae (PN; e.g., Schwarz, Corradi, & Melnick 1992; Balick et al. 1992 Balick et al. , 1993 Graham et al. 1993; Latter et al. 1993; Kastner et al. 1994; Latter et al. 1994) . Stars with initial masses of roughly M 1 ? 8 M build up a carbon-oxygen degenerate core while on the asymptotic giant branch (AGB). Mass is driven from the surface by a combination of pulsations and radiation pressure (Jura 1986) . When the core mass approaches 0.6 M , the e ciency of radiation-driven mass loss increases rapidly and most of the remaining envelope material is ejected during a 1000 ? 10000 year period. Since the density in the stellar atmosphere is high and the temperature is low, the ejected material is predominantly molecular.
When the envelope mass drops to M env 0:01 M , the pulsations cease, the mass loss rate drops by a factor of 100, and the star evolves o the AGB (Sch onberner 1987) . As the envelope of the star contracts and rises in temperature, the luminosity of the star remains nearly constant. The momentum of the wind is undiminished and the low mass wind is accelerated to very high velocities (v 1500 km s ?1 ). This fast wind plows into the slower red giant wind and sweeps the material into shells (see Kwok, Purton, & Fitzgerald 1978) . As the central star and nebula evolve, a photodissociation front moves through the gas and the circumstellar envelope changes from molecular to atomic to ionized. The gross morphology of the nebula depends mainly on its age and on the isotropy of mass loss on the AGB (see Balick 1987) . By studying details of the morphology and spectra of PN and proto-planetary nebulae (PPN), we can learn more about the nature of AGB mass loss and the shaping and excitation of PN envelopes.
In this paper, we investigate the origin and evolution of planetary nebulae by tracing the evolution of their = 0:9 ? 1:3 m spectra. Our study begins with AGB stars and other highly evolved stars (WX Ser, IRC+10 420, IRC+10 216, AFGL 915) . We also observed four of the PPN candidates identi ed by Kwok (1993) (IRAS 04296+3429, IRAS 23304+6147, AFGL 618, AFGL 2688), two symbiotic stars (HM Sge, V1016 Cyg), as well as several young and more evolved PN (Hubble 12, NGC 6790, Vy 2{2, NGC 7027). The Orion Nebula is presented as a comparison object. The = 0:9?1:3 m region has several attributes that make it a good choice for this study. It o ers low attenuation, numerous molecular features, including high vibrational transitions of H 2 , and good sensitivity to blackbody sources as cool as T = 2000 K. It also contains electronic transitions for many ions, including the Paschen series of hydrogen. We searched for new lines and species in our target objects and traced their atomic, molecular, and continuum emission. As we discuss in later sections, these observations give us a better understanding of the distribution and excitation of gas in PN.
A number of papers have been written over the last three decades about the infrared spectra of post-main sequence stars. The reader is referred to the following references for = 0:9 ? 1:35 m spectra of giants, supergiants, and oxygen-and carbon-rich AGB stars. Wing (1967) compared the = 0:75 ? 1:1 m spectra of dwarfs, giants, and supergiants of various spectral types. He found that TiO and ZrO are the dominant features in the spectra of oxygen-rich post-main sequence stars, with VO becoming important for late-M stars. He also found that CN bands are the dominant features in carbon-rich stars. Lockwood (1969) measured the 0.96 { 1.08 m spectra of oxygen-rich Mira variables and found a relationship between TiO band strength and temperature. Thompson et al. (1969a,b) detected 13 CO in the = 1:2?4:2 m spectra of carbon-rich stars and presented evidence that the v = 2 and v = 3 bands of 12 CO are saturated in these stars. Miller (1970) observed the CN bands in the = 0:7 ? 1:1 m spectrum of IRC+10 216. Lockwood (1973) made improved measurements of TiO and VO band strengths in the = 0:96 ? 1:04 m spectra of M-type stars. Finally, Goebel et al. (1981) con rmed that CN bands are the dominant features in the = 0:7 ? 1:5 m spectra of carbon-rich stars and showed that more complex molecules such as HCN and C 2 H 2 are the dominant features in the = 1:5 ? 8:0 m region.
There have been several recent studies of the infrared spectra of PN and PPN. The = 0:84 ? 1:35 m spectrum of the bipolar PPN AFGL 618 is discussed by Latter et al. (1992) and . They found that the infrared spectrum is dominated by low-ionization, shock-heated lines, including strong H 2 emission. The T ef f 30; 000 K central star excites uorescent O I and H 2 emission, and it has produced an H II region that is visible in re ection. The bipolar PPN AFGL 2688 is discussed by Latter et al. (1993) . They found that the nebula has an equatorial ring of shocked H 2 emission, and they detected several H 2 lines in the = 1:11 ? 1:23 m spectrum of that region. Rudy and collaborators presented a series of papers on the = 0:8?1:3 m spectra of PN, including IC 4997 (Rudy, Rossano, & Puetter 1989) , V1016 Cyg (Rudy et al. 1990 ), NGC 6572 (Rudy et al. 1991a ), BD+30 3639 (Rudy et al. 1991b ), NGC 7027 (Rudy et al. 1992) , and Hubble 12 (Rudy et al. 1993) . They found that the infrared O I lines are excited by Ly uorescence in IC 4997 and V1016 Cyg and by UV continuum uorescence in the other sources. They devised a method for removing the nebular continuum emission from a spectrum and used this technique to isolate the spectra of the central stars. They determined densities and temperatures in the emitting regions of the nebulae, and derived new abundances for several of the objects.
OBSERVATIONS AND DATA REDUCTION
The spectra presented in this paper were measured at the Steward Observatory 2.3 m telescope on Kitt Peak, Arizona using the GeSpec, a = 0:9 ? 1:6 m spectrometer with a 2 32 pixel germanium photodiode array. The twin apertures of the GeSpec are 6 00 in diameter and are separated by 1 0 . With the 600 l/mm grating the resolution is = 1000 and the spectral coverage of each segment is 0:022 m. With the 150 l/mm grating (used for WX Ser and IRC+10 420), the resolution is = 300 and the spectral coverage of each segment is 0:1 m. F and G dwarf stars were used to remove telluric absorption features and to provide ux calibration. Observing and data reduction procedures are discussed by Rix et al. (1990) . All sources were centered in the 6 00 apertures, and up to 20% intensity variations resulted from pointing and guiding uctuations. Since the data collection was very time consuming, we only made complete spectral scans of the spectroscopically most interesting objects. For the others, we observed the hydrogen recombination lines and several other diagnostic lines. The observations are summarized in Table 1 , line identi cations of the emission line objects are included in Table 2 , and the resulting spectra are presented in Figures 1 and 2 . A more detailed version of the Orion Nebula spectrum is shown in Figure 3 . Only 5 and better detections are listed in Table 2 . See for additional (less certain) line identi cations in the spectra of Hubble 12, NGC 7027, and the Orion Nebula.
COMMENTS ON INDIVIDUAL SOURCES
3.1 Absorption Spectra 3.1.1 WX Serpentis WX Serpentis is a Mira variable star with spectral type M8.5. Its infrared spectral features are similar to but stronger than those found in late M dwarfs (see Kirkpatrick et al. 1993) . The strong VO absorption bands at = 1:06 and 1.18 m and the deep H 2 O feature at 1.34 m are especially noticeable in the spectrum of WX Ser.
IRC+10 420
IRC+10 420 is an OH/IR star (spectral type F8 Ia), but it appears to be a high mass supergiant rather than a late-AGB star (Jones et al. 1993) . It has an infrared spectrum similar to those of the early M dwarfs. Of the stars studied by Kirkpatrick et al. (1993) , IRC+10 420 is most similar to the unpublished M1 dwarf GL 15A. IRC+10 420 has weaker FeH 0.99 m absorption than GL 15A, as expected because of the lower density atmosphere (Allard, personal communication), and it has stronger ZrO (0.93-0.94, 1.166, 1.177, 1.187 m) and VO (1.05 m) bands. IRC+10 420 also produces weak Pa emission. Oudmaijer et al. (1994) presented slightly blueshifted line pro les for Br , Br , and Pf and a double-peaked pro le for H , and they argued that the H I lines come from a bipolar out ow that developed in the past ten years.
IRC+10 216
The 1.0 { 1.5 m spectrum of the carbon star IRC+10 216 has few easily discernable features other than shallow CN absorption at 1.1 m. Among the numerous faint absorption features, there are acetylene (C 2 H 2 ) bands at 1.04 and 1.17 m, CN bands at 1.0926, 1.0968, 1.0996, and 1.1244 m, and dozens of what appear to be molecular absorption features scattered throughout the spectrum. The = 1:0 ? 1:5 m spectrum is dominated by thermal dust emission and is well t by a T c 900 K blackbody. Miller (1970) reported that the = 0:7 ? 1:1 m spectrum has the energy distribution of a T c 1250 K blackbody, Becklin et al. (1969) clear that the large range in dust temperatures cannot be accounted for by pulsations alone. Instead, one can t the broadband photometry and our data simultaneously by invoking a two component model composed primarily of T d 650 K dust but with 0.055% of the dust having a temperature T d 1185 K. The maximum dust temperature is probably closer to the T d 1250 K determined from the = 0:7?1:1 m spectra of Miller (1970) . This value is similar to the continuum temperatures of T c 1000 ? 1200 K found at the onset of dust emission in carbon-rich novae (Gehrz 1988 ).
AFGL 915
The protoplanetary nebula AFGL 915 (the \Red Rectangle") has an interesting near-infrared spectrum. Our 6 00 beam captured both the binary exciting star HD 44179 and some of the surrounding nebulosity. The blue end of our infrared spectrum is dominated by the photosphere of HD 44179, including weak absorption lines of H I, He I, C I, and N I. HD 44179 has been classi ed as a B9 to A0 III (Cohen et al. 1975 ), but the strong helium absorption lines near 0.9 m indicate a spectral type of A1 III. Cool dust contributes to the emission from AFGL 915 starting at about 0.7 m (Cohen et al. 1975) , and it veils most of the atmospheric features longward of 1 m. Br (Thronson 1982) and Pa are completely obscured, and Pa appears only weakly in absorption.
The most interesting feature in the infrared spectrum of AFGL 915 is He I at 1.0830 m, which appears prominently in emission. Cohen et al. (1975) also found narrow H and Na D emission lines. The presence of He I recombination emission normally indicates a central star temperature of at least T ef f 20; 000 K, but given the cool photospheric temperature of AFGL 915, an alternative excitation mechanism such as chromospheric or coronal emission is required. Such activity is common in mid{F through late{K stars, but it is unexpected in an early{A star (Zirin 1976; O'Brien & Lambert 1986 ).
3.1.5 IRAS 04296+3429, IRAS 23304+6147, AFGL 2688 IRAS 04296+3429, IRAS 23304+6147, and AFGL 2688 (the \Egg Nebula") are carbon-rich PPN and have similar near-IR spectra. Their near-infrared spectra include a large number of absorption features, mostly from C I and CN. Other possible absorbers are Si I and He I. In addition, there is H I absorption in the spectrum of IRAS 04296+3429, consistent with the results of Hrivnak, Kwok, & Geballe (1994) . The lack of emission lines in these spectra might be due in part to our large aperture size. With a narrow slit, nd CN and C 2 emission in a fairly isolated region of AFGL 2688, and C 2 Swan band emission is prominent in the visible spectrum of this object (Humphreys, Warner, & Gallagher 1976) .
Emission Line Sources
The line strengths for the emission line sources are presented in Table 2 , with all uxes dereddened and listed relative to the Pa ux. Pa uxes and visual extinctions are listed in the footnotes. Line uxes from a bright knot in the Orion Nebula are presented for comparison. In examining Table 2 , the reader should be aware of uncertainties in reddening corrections in addition to the 20% uncertainty in line ux measurements. Still, it is easy to see that there are signi cant di erences in the relative line strengths of the various objects.
AFGL 618
The PPN AFGL 618 has an emission line spectrum dominated by low ionization, predominantly shock-excited gas. 
HM Sge, V1016 Cyg
The symbiotic novae HM Sge and V1016 Cyg have evolved spectra with strong S III], helium, and hydrogen lines. The low-ionization S II] and N I] lines are prominent in HM Sge, even though the central star is hot enough to excite He II emission. We compared our line strengths with the visible data of Schmid & Schild (1990) and Davidson, Humphreys, & Merrill (1978) and with the infrared data of Thronson & Harvey (1981) . The relative infrared and visible H I and S II] line strengths are consistent with a reddening of A V = 1.0 { 1.3 mag (assuming no variability in the 3 years between observations). Thronson & Harvey found a reddening of A V = 12 mag from the Brackett line ratios, indicating that the primary H II emitting region is heavily obscured. As discussed by Thronson & Harvey, the dust provides shielding that allows low ionization gas to survive in the outer parts of the nebula. From the S II] and S III] line ratios, we estimate an electron density of at least n e 5 10 5 cm ?3 in the forbidden line regions.
We compared our data on V1016 Cyg with the visible spectrum of Schmid & Schild (1990) , the 0.46 { 1.3 m data of Rudy et al.(1990) , and the 2 m data of Schild, Boyle, & Schmid (1992) . From a comparison of visible and infrared H I, S II], and He II lines, we adopt a reddening of A V = 1.15 mag. This is similar to the value determined by Rudy et al., who derived the reddening separately for the H I, He I, and He II lines. Schmid & Schild found electron temperatures ranging from T e 10 4 to 4 10 4 K from a variety of line diagnostics. Our He I and S II] line ratios are consistent with an electron temperature of T e 10 4 K. Nussbaumer & Schild (1981) found n e 3 10 6 cm ?3 from several sets of UV transitions. Our S II] and S III] line ratios indicate an electron density of at least 10 5 cm ?3 and probably greater than 10 6 cm ?3 . In addition, as discussed by Rudy et al., V1016 Cyg has strong, Ly -pumped O I uorescence, which requires high densities in the H I { H II transition region.
There are several absorption features in the spectrum of V1016 Cyg, including H 2 O at 0.938 m and VO at 1.046 m. As discussed by Rudy et al., these features and much of the continuum emission are produced by a late-M companion star. We have insu cient spectral coverage to improve upon Rudy et al.'s spectral classi cation of M6 { M8.
Hubble 12
The planetary nebula Hubble 12 has a mostly low ionization spectrum with very prominent He I emission. The He I triplet/singlet line intensity ratio is about 3/1, as expected for recombination. The infrared S II] lines are weak in Hubble 12, consistent with an electron density n e > 10 6 cm ?3 . In contrast, infrared Fe II] line ratios indicate an electron density of only n e 6 10 4 cm ?3 , and the nebular lines of S II] and O II] indicate an even smaller density of n e 3 10 3 cm ?3 (Barker 1978; Aller & Czyzak 1983) .
Hubble 12 has several features that are characteristic of a photon-dominated region (PDR). Among the PDR features are C I, Si I, and H 2 lines. The strongest H 2 lines are the (3-1) S(1) line at 1.2327 m and the (2-0) Q(1) line at 1.2380 m. The ratio of the H 2 lines is consistent with the uorescent H 2 emission models of Black & van Dishoeck (1987; Dinerstein et al. 1988) . Other detected H 2 lines are listed in Table 2 , and additional H 2 identi cations can be found in . Fluorescence is also responsible for the O I emission from Hubble 12. The O I 1:1287= 1:3165 ratio is 0.3, consistent with UV continuum uorescence with no signi cant resonance pumping by Ly . The lack of O I triplet line emission rules out recombination as the exciting mechanism for the O I.
NGC 6790
NGC 6790 is a strong source of He I emission. The He I triplet lines are very strong, indicating that the electron density is rather high, probably on the order of n e 10 5 ?10 6 cm ?3 . We compared the infrared line strengths to the visible line data of Kaler (1976) . From the ratios of visible to infrared H I and S II] lines, we derive A V = 2.2 mag. S II] and S III] line ratios suggest n e 10 5 cm ?3 for T e = 10 4 K, or n e 5 10 5 cm ?3 for T e = 5 10 3 K. We analyzed He I line ratios using the collisional enhancement formulae of Clegg (1987) , and we nd the best agreement when we adopt T e < 10 4 K. The weak forbidden lines in NGC 6790 provide further support for the high density, low temperature solution. This result contrasts with the electron densities determined from visible S II], O II], Cl III], and Ar IV] ratios by Stranghellini & Kaler (1989) . They found densities ranging from n e 5 10 3 ? 3 10 4 cm ?3 . Thus, NGC 6790 is similar to Hubble 12 and AFGL 618 in having a variety of density and temperature regimes.
Vy 2{2
Vy 2{2 is also a strong source of He I emission. We compared our infrared spectrum to visible line data by Feibelman (1993) and Acker et al. (1989) . From H I line ratios, we nd extinction values ranging from A V 3:1 ? 4:8 mag. We adopted a value of 3.4 mag for our analysis. Our S II] and S III] line ratios can be simultaneously t for a temperature of T e = 1:5 10 4 K and a density of n e = 8 10 4 cm ?3 , but we cannot rule out values di ering from these by a factor of 2. No single density-temperature pair can account for all of the He I line ratios.
NGC 7027
The very hot PN NGC 7027 has a high ionization spectrum, with very strong He II and forbidden line emission and slightly weakened He I emission. The brightest He I lines are all triplet transitions, indicating high densities in the ionized regions. The infrared S II] line ratios, which are excited outside the hydrogen Str omgren sphere, suggest an electron density of n e < 10 5 cm ?3 . There are a variety of PDR lines in the spectrum of NGC 7027, including P II], C I, Si I, C I], and perhaps H 2 . Graham et al. (1993) showed from H 2 and CO kinematics and morphology that the H 2 1 ! 0 S(1) line is excited by radiation, not by shocks. The presence of weak O I 1.3165 m emission and the absence of the 1.1287 m line and of any quintet transitions indicates that the O I emission is also excited by starlight uorescence (Rudy et al. 1992 ).
DISCUSSION
There are few clear trends in the spectral characteristics of the objects in this survey. This is exacerbated by uncertainties in the evolutionary status of the individual objects. There are obvious trends, such as the evolution from the latetype stellar spectra of the AGB stars to the mixed spectra of the PPN and on to the emission line spectra of the PN. This evolution is not surprising, but details can be learned about the shaping of PN based on the distribution of lines at various evolutionary stages. For example, the great relative strength of the low ionization lines in the spectrum of AFGL 618 (see Table 2 ) is evidence for the importance of shocks. AFGL 618 and several of the PN have multiple density and temperature regimes, which is another characteristic of shock excited gas. The presence of shockheated gas in several of the PPN and PN indicates the general importance of shocks in the excitation and shaping of the nebulae. Multiple density and temperature regimes could also be the result of shielding by dense clumps. The presence of H 2 emission in the bipolar lobes of AFGL 618 is further evidence for shielding clumps (the H 2 would be rapidly dissociated if it were exposed to the full UV radiation eld; see also Latter et al. 1992) . Finally, H 2 emission from Hubble 12 and NGC 7027 shows that there is still an abundant supply of molecular material around young PN.
To understand the geometries of the emission line sources better, we worked backwards using line strengths to determine the lling factors of various ions. For permitted lines, we used the relationship: F i;n = h i;n 4 r 2 n e n i+1 V ef f i;n (i; T);
( 1) where F is the dereddened line ux, r is the assumed distance, V is the volume of the emitting region, and is the e ective recombination coe cient for transition n of ion i. For forbidden lines we used the expression:
where n u is the population density of the upper state and A ul is the transition probability in s ?1 . Using densities and temperatures determined from line ratios, we assumed standard PN abundances from Aller & Czyzak (1983) , assumed that the di erent ions of a given element are physically segregated, and solved for V .
The resulting volumes are sensitive to the measured line uxes and to the assumed extinction, distance, densities, temperatures, and abundances. When comparing ions, many of these factors cancel out and the relative volumes are accurate to within about a factor of two.
As expected, a progression can be seen in the relative sizes of the He ++ and H + regions. V1016 Cyg and HM Sge have the largest He ++ /H + volume ratios at 0.8, followed closely by NGC 7027 at 0.6. The He ++ /H + ratio is much smaller in the other objects. The ratio is 0.02 in NGC 6790, 0.015 in Vy 2-2, and 0.003 in Hubble 12. He II was not detected in AFGL 618. The approach of using the He II 4686/H ratio to determine stellar temperatures was rst introduced by Ambartsumyan (1932) . From Figure 1 in Kaler & Jacoby (1989) , we infer central star temperatures of T ef f 2:2 10 5 K for HM Sge, T ef f 1:9 10 5 K for V1016 Cyg and NGC 7027, and T ef f 8 10 4 K for NGC 6790.
A second and perhaps more interesting result concerns the size of the C I], O I], N I], and S II] emitting regions, all of which lie outside of the hydrogen Str omgren sphere. The gas in these regions can be excited by shocks or by absorption of photons with less than 13.6 eV. In V1016 Cyg, NGC 7027, NGC 6790, and Vy 2-2, this region is very thin { less than 1% the radius of the Str omgren sphere (R str ).
The thickness is roughly 0:1 R str in HM Sge, where dust shielding protects the low ionization species, 0:3 R str in Hubble 12, and 6:6 R str in AFGL 618. These numbers are partly in uenced by the use of small apertures. Still, it is apparent that not very much PDR gas is excited in most planetary nebulae. The exceptions, Hubble 12 and AFGL 618, are very young. They have not had enough time to clear away much of the material that was ejected on the AGB, and their expanding nebulae are still sweeping through material that was ejected late on the AGB, while the mass loss rate was very high. Both have uorescent H 2 transitions in their spectra.
In summary, the line ratios of an individual ion are determined by T e and n e , and we have determined these values for many of the objects. The relative ion strengths, on the other hand, depend on many parameters, including T , the evolution of the object, the excitation mechanisms, and the clumpiness of the gas. With our infrared data, we have been able to isolate each of these factors. We see that shocks are very important to the shaping and excitation of PN, clumps appear to be a common feature in PN envelopes, and young PN produce the strongest PDR emission because they have the largest reservoir of nearby molecular and low ionization gas.
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